We present the results of an X-ray background emission study of the well-known Galactic supernova remnants (SNRs) Cas A, RCW 86, RX J1713.7 − 3946, and SN 1006 by using the archival Chandra and XMM-Newton X-ray Observatories data. With the advent of detector technologies and increased capability of the spectral resolutions, accurate background modelling for the extended sources, such as SNRs, is getting crucial at the modelling step since it might be effective on estimating the physical parameters of the plasma. For this purpose, we concentrate on the background emission spectral modelling by investigating its spectral parameters and components. Hence, the results of the modelled background spectra of these four SNRs are presented by using the combination of thermal and nonthermal emission models properly to the background components.
Introduction
Analysing the extended and faint sources, such as the Galactic supernova remnants (SNRs), with accurately modelled background emission is important since it might affect the spectral results (e.g., [1, 2, 3] ). The location of an SNR in the sky (e.g., Galactic latitude) is critical for the background estimation, which will define the model fraction of the cosmic X-ray background (CXB), the Galactic ridge X-ray emission (GRXE), or the foreground emission (FE) (see Figure 1 for a simulated projection 1 ). Moreover, in recent years, the importance of background modelling before performing detailed spectral analysis has been emphasised in plenty of studies (e.g., [3, 4, 5, 6] ). Under these circumstances, all spectral parameters can be examined reliably with the background modelling method, which is suitable for determining the thermal or nonthermal characteristics of SNRs. In this paper, we aimed to investigate the X-ray background emission of the well-known Galactic SNRs Cas A, RCW 86, RX J1713.7 −3946, and SN 1006 with various approaches according to their X-ray background conditions. For this purpose, we used archival Chandra and XMM-Newton data. The background components are described briefly in Section 2. The observations and data reduction steps are described in Section 3. In Section 4, the analysis results are reported in detail, and we discuss the effect of the background components for each SNR. We summarise our main conclusions in Section 5. th quadrant [7] . 
A brief introduction to background components

Galactic ridge X-ray emission
Most of the GRXE has a diffuse origin [8, 9] . Its spectrum is hard and contains many emission lines of the most abundant elements [10] . If an SNR is located near the Galactic disc, the background is dominated by the GRXE; thus, the emission lines of elements such as Mg, Si, S, and Fe will be expected from the background spectra as well as a hard continuum [5, 11, 12] . Generally, the GRXE spectrum is represented by the sum of the high-and low-temperature plasma of the collisional ionisation equilibrium (CIE) model (apec in Xspec) [11] with a free absorption parameter, plus a nonthermal X-ray emission with a photon index of approximately 2 with neutral Fe lines at 6.4 keV of equivalent width 0.46 keV and at 7.06 keV [5] . Ebisawa et al. [10] discovered the K α line of neutral Fe in the spectrum of the GRXE. The flux of the GRXE depends on the Galactic latitude [5, 11] , and it extends over several tens of degrees along the Galactic plane, where it becomes brighter through the Galactic centre with a total luminosity of approximately 10 38 erg s −1 [13] . According to a previous study [5] , the GRXE spectrum requires the following components: the high-temperature plasma (HP; responsible for the 6.7 keV line), which probably originates from cataclysmic variables; the low-temperature plasma (LP; responsible for the 2.45 keV line), which may originate from multiple supernovae (SNe) within the past 10 5 yr or point sources like dM stars; the cold matter (CM; might be responsible for the 6.4 keV line), which possibly originates from the bombardment of X-rays or particles in cold interstellar gas; plus, the FE (dominates below 2 keV band).
Moreover, the study [5] suggests that neutral Fe K α line is caused by the absorption parameter, which is the intra-cloud absorption. However, the origin of this line is not clear yet. On the other hand, while estimating the GRXE background, in some cases, the separating to the component method is not always adhered to according to some sources (e.g., [6, 14, 15] ).
Cosmic X-ray background
The CXB can be defined as the integrated emission of all the extragalactic sources and it dominates the hard X-ray surface brightness. Moreover, it has been resolved into several sources [16, 17] . It depends very little on the Galactic coordinates. The varied measurements of the CXB in 0.3 −10 keV band of various high resolution X-ray telescopes showed that the primary contributor to the extra-galactic CXB is the integrated emission of the Active Galactic Nuclei (AGN) background. In a very recent study [18] , Cappelluti et al. found that 10% of the CXB is produced by accretion onto early black holes. In the same study, they found a thermal contribution below 1 keV, which originates 0.5 −2 keV flux, but approximately 8 −11 % of this fragment cannot be explained by either resolved or unresolved X-ray sources, and the spectrum has a photon index value of approximately 2.1 [17, 18] . The CXB emission consists of approximately two components, and this thermal contribution is the first one and it was found that its origin is totally Galactic [17] . The other one is the hard-band emission ( ∼2 −10 keV) and the spectrum of this emission is characterised by a power-law (PL) spectrum, which has a photon index value of approximately 1.41 and its contribution to the Galaxy is 3 −7% [17] . Similarly, the method of Kushino et al. [17] is the most commonly used one for modelling the CXB spectrum of the Galactic SNRs, which dominates the hard X-ray surface brightness. In their study [17] arcmin −2 for 2 −10 keV hard-band emission power-law component. While calculating the flux of the nonthermal CXB component with the surface brightness value mentioned, effective area ratios between the source and the background regions for each energy bin should be multiplied to correct the vignetting effect of the background spectrum.
Foreground emission
A low energy emission ( ≤2 keV) indicates a very weak or no absorption at all, unrelated to Galactic Center region. Its origin is unknown but reported to be a local Galactic plasma or unresolved dM stars [19] . In a previous study [19] , it was shown that the FE dominates below the 2 keV energy, especially in the Galactic centre region. FE is generally represented by the CIE model (apec) whether with negligible absorption parameter (e.g., [20, 21] ) or with absorbed two thin plasma temperature CIE model in the GRXE component (e.g., [2, 5] ), where its emission is a few percent of that GRXE [13] . As we follow the local hot bubble map in [22] and take into account the Galactic locations of the SNRs, the relative contributions or domination of the local hot bubble to the FE is arbitrary for our selected SNRs except SN 1006. However, as in [21] , in order to model the FE spectra, the local hot bubble type spectral model was used. Note that the true origin of FE is not known accurately; thus, in our analysis, we applied the model which gives a reasonable fit to the data as in [23] . For this reason, some apparent properties of its contributors should not be taken seriously.
Local hot bubble
The local hot bubble (LHB) is an irregular local cavity filled with X-ray emitting hot gas (10 6 K) of approximately 100 pc at a reasonable pressure that could produce observed local X-rays, which is in the foreground, and displaces the cool gas. Moreover, it shows no absorption by cool interstellar gas, and it is in CIE and thus can be modelled by an unabsorbed thermal component (apec) [22, 24] . The lower absorption of the LHB is attributed to higher X-ray emitting directions, where it might be greater in extent, and hence there is less cool gas in these locations [24] . In a previous study [1] , unabsorbed contribution of the LHB was fitted with a kT e value of 0.7 keV. On the other hand, in another study [25] , the LHB was fitted with a kT e value of about 0.105 keV. Note that the Galactic location of the SNR might be the determinant of this variation [22] .
Galactic halo
The Galactic halo (GH) plasma is assumed to be in CIE, so the apec model is used [20] . According to the 0.1 −1.0 keV diffuse soft X-ray background observations, it is a (1 −3) × 10 6 K plasma in the halo of the Galaxy beyond the main Galactic disc [20, 26] and tends to increase from the outer to the inner Galaxy [20] .
Furthermore, in their study [20] , Henley and Shelton reported that the emission of the halo increases weakly with the latitude in the north and is not correlated with the latitude in the south. Yoshino et al. [26] found in their study that the halo emission decreases with increasing latitude, and this result is contrary to that reported in [20] . Although the origin of this hot halo gas is uncertain, there are two assumptions of the main process:
SN-driven outflows from the Galactic disc and the accretion of the material from the intergalactic medium (see the references [20] ). In a previous study [27] , it was estimated as a hard component with an absorbed nonequilibrium ionisation (nei) model with a temperature of 0.3 keV.
Analysis
X-ray observations and data reduction
In each analysis, Heasoft As in the standard procedure by Chandra X-ray Center 10 , the event list Chandra files are gathered by ACIS-S and ACIS-I, reprocessed by using the script chandra_repro, and for restricting the energy ranges and creating the images, dmcopy script is used on the event files, respectively. Ancillary Response Files (ARFs)
and Response Matrix Files (RMFs) are generated with specextract script in CIAO. In this paper, only the XMM-Newton data for RCW 86 were analysed, which cover the SNR shell region and provide an opportunity to select a larger emission free area in same field of view (FoV) in comparison with the Chandra data. Since we focused on the emphasis of the background estimation, selecting a larger background region is a preferable way for a general approach to get a statistically acceptable fit with sufficient counts. For the spectral analysis of XMM-Newton observation, EPIC-MOS data were used. X-ray events corresponding to patterns 0 −12 and flag = 0 for MOS1/2 were selected. The metatask emchain included in ESAS package integrated into SAS, were used to identify good time intervals, filter, and create new clean event files. After this process, SAS task evigweight was used for vignetting-weighted event lists for each EPIC instrument to correct for the effective area variation across the SNR [28] . Spectral files were created with evselect task, ARFs were created with arfgen task, and RMFs were created with rmfgen task in SAS. The MOS1 CCD6 was damaged by micrometeorite events; thus, it was no longer recording observations, this is where some of the SNR area falls on that CCD 11 . Hence, the data of that EPIC instrument were not used.
In the spectral analysis with Xspec, the solar abundance table in [29] was adopted. Unless otherwise specified, all errors represent 90 % confidence level. Note that the abbreviations N, S, NW, SE, SW, and W represent North, South, Northwest, Southeast, Southwest, and West that are used for naming the rims, respectively. The background components and observational information for each SNR can be seen in Table 1 . [17] . ‡ : [30] . ∥ : [31] . The normalisation of the apec, norm = 10 
X-ray spectral analysis of the selected background regions of the SNRs
The CXB component parameters of all the background regions were fixed with a power-law shape at a photon index of 1.41 and a surface brightness of 5.41 × 10 −15 erg s −1 cm −2 arcmin −2 as those in [17] . All of the thermal background contribution of each component was fitted with the apec. In order to calculate the absorption parameter, tbabs model was used [29] , and the hydrogen column density parameter of the CXB component was fixed at a significant value as in [15] . These values are indicated in the relevant tables. The background spectra were simulated by using the fakeit command in Xspec, and then they were ready to be subtracted from the source spectra. For multiple rims, we used one of them as sample to give an example for the spectral characteristic. [17] . ‡ : [30] .
The background region for Cas A, was extracted from a rectangular area of 39.53 arcmin 2 in the same FoV, where the whole SNR region data with a circular area of 28.27 arcmin 2 is excluded (as seen in Figure 2 ). The spectrum was fitted with a model of (tbabs (CXB) × pl (CXB) + apec (F E) + tbabs (GH) × (apec (GH−hot)
+ apec (GH−cold) )). The best-fit parameters and spectrum of the background are given in Table 2 and Figure   2 , respectively.
The background region for RCW 86 was extracted from a circular area of 58.63 arcmin 2 in the same FoV (as seen in Figure 3 ). The spectrum was fitted with a model of (tbabs (CXB) × pl (CXB) + apec (F E) ). The best-fit parameters and spectrum of the background are given in Table 3 and Figure 3 , respectively.
The background region for RX J1713.7 −3946 was extracted from an area of 77.52 arcmin 2 for SW rim and an area of 34.32 arcmin 2 for the NW rim in the same FoV, respectively (see top panel of Figure 4 ). The spectrum of both rims was fitted with a model of (tbabs (CXB) × pl (CXB) + tbabs (GRXE) × (apec (HP ) + apec (LP ) + pl (CM ) ) + tbabs (F E) × (apec + apec)) as in [5] . The second term is the GRXE component which is represented by a 2-CIE model, a high-temperature plasma (7 keV) plus a low-temperature plasma (1 [5] . † : [17] .
keV) [5] , and also with a CM nonthermal component. Because RX J1713.7 −3946 emission is under the effect of the GRXE, careful background subtraction is required. Thus, particular attention to background subtraction [5] . † : [17] .
was paid with reanalysing of the Chandra data. The third term is the absorbed FE, which is represented with optically thin thermal plasma, and fixed component values as in [5] (N H (F E) = 5.6 × 10 21 cm −2 , kT e = 0.09 keV and 0.59 keV). The best-fit parameters and the spectra of the background regions are shown in Table 4 , Table 5 , and Figure 4 , respectively. . For all rims, the background spectra were chosen from the source-free regions in the same FoV ( Figure 5 ). The background spectra of all rims were fitted with a model of (tbabs (CXB) × pl (CXB) + apec (LHB) ). The contribution of the LHB to the X-ray spectrum is determined in [22] . The column density was fixed at 6.8 × 10 20 cm −2 following the H i observation in [32] . The best-fit parameters and the spectra of the background regions are shown in Table 6 and Figure 5 , respectively.
Results and discussion
In this study, the spectral analysis was performed for the source-free regions on the observations of four SNRs (Cas A, RCW 86, RX J1713.7 −3946, and SN 1006) to mention the background analysis methods briefly. As mentioned in the previous sections, we concentrated upon the accurate background modelling for the analysis [17] . ‡ : [32] .
of an extended source to lay emphasis on estimating the reliable values of spectral parameters. Despite the effect of the CXB is valid for the background emission of all the SNRs as seen in the first lines of all the tables, its contribution differs for each SNR. To calculate the absorbed flux of each component for background spectrum in 0.5 −7.0 keV, we used the convolution model (cflux in XSPEC). In Table 7 , the contribution of each component is roughly specified as percentage values in the background spectrum for each SNR according to their X-ray flux values. 
Cas A:
The background spectrum of Cas A is dominated by the FE, the GH-cold, and the GH-hot (the most dominant component) as seen in Table 2 . Some elemental emission lines can be seen in the spectrum which point out that the X-ray background of the SNR is contaminated by the thermal components in the approximate energies of about 1.83, 2.42, 3.09, 3.87, and 6.61 keV. The GH component which was fixed at the values indicated in [31] has a high absorption value of approximately 2.11 × 10 22 cm −2 compared with the Galactic column density value of the whole SNR. As seen in Figure 2 , both GH and FE release the Fe K α line emission on the X-ray background spectrum of Cas A, and the most dominant one comes from the GH-cold.
Since Cas A has complex structured knots and require reliable spectral analysis, in the Chandra studies [33, 34, 35] , the X-ray background emission of Cas A observations was selected carefully from emission-free regions for the spectral analysis but no background estimation method was indicated.
RCW 86: RCW 86 has unabsorbed FE in its X-ray background spectra with the kT e value of approximately 0.70 keV. The flux of the FE in the background spectrum of the SNR is slightly low compared to the indications of it on the other SNRs. As seen in Figure 3 , the X-ray background component FE is effective on the low energy side of the spectrum.
Lemoine-Goumard et al. [36] carefully treated the X-ray background emission of RXTE archival data of RCW 86. They pointed out the spatial variations in the CXB in the 10 −20 keV energy band and added power-law component with a spectral photon index of 1.3 to the fit to represent the excess CXB emission. They ignored the emission from the GRXE because it reveals little evidence of Galactic Ridge emission in the 10 − 25 keV energy band for the data of this observation.
RX J1713.7 −3946:
Principally, in order to evaluate the possible contamination by the GRXE, the location of the remnant on the Galactic latitude is the first to take into account. RX J1713.7 −3946 is on the Galactic plane and only its background spectrum is dominated by the GRXE. The background spectrum of RX J1713.7 −3946 consists of the CXB, GRXE, CM, and FE components. As seen in Figure 4 , for both SW and NW rims of the SNR, domination of the low-temperature plasma component (1 keV) is very low compared with the high-temperature plasma component (7 keV) in the GRXE (see Table 7 ).
Moreover, the Galactic plane background includes the FE, which is not enough to dominate in the NW observation. Besides, the influence of the component that is associated with the CM is slightly higher in the SW observation. As seen from the right panel of Figure 4 , hot component of the FE is ineffective, which cannot be seen in the spectrum. It can be seen that HP component of the GRXE in both spectra reveals the Fe K α line emission, as expected due to the characteristic of the GRXE [5] .
In their XMM-Newton study, Acero et al. [37] extracted the astrophysical X-ray background spectra outside the SNR in four regions (N, NW, SW, and SE) and then, estimated it with a power-law model instead of a spectrum but did not mention any thermal model for the GRXE. Hiraga et al. [38] pointed out the importance of the background estimation for the extended sources in their XMM-Newton study and represented it to be the blend of CXB, nonX-ray background (NXB) and the Galactic diffuse emission. Considering that the SNR is interacting with the molecular clouds according to its Galactic location, they estimated the astrophysical X-ray background with absorbed power-law component with varying spectral photon indices of approximately 2.28 and approximately 2.38 for the NW and SW rims, respectively. On the other hand, in their joint spectral analysis of the archival data from ROSAT PSPC, ASCA GIS, and RXTE PCA observations, Pannuti et al.
[39] estimated the background diffuse X-ray emission from the Galactic ridge as observed by the RXTE PCA with power-law + raymond model, and fixed the values for kT e , spectral photon index, and N H to be 2.9 keV, 1.8, and 1.8 × 10 22 cm −2 , respectively. They also argued about the spectral feature seen near 6.4 keV, whether it is associated with the SNR or the diffuse emission associated with the Galactic Ridge.
SN 1006:
The selected background regions of SN 1006 include nonthermal emission from the CXB and unabsorbed emission contribution from the LHB, which is dominant in comparison with the CXB (see Table 7 ).
Using the XMM-Newton archival data, Li et al. [40] extracted and fitted the astrophysical X-ray background spectra with vmekal + power-law model. The thermal plasma component represents the LHB emission, whose kT e value was fixed at 0.1 keV. In our study, we let the temperature of the LHB to vary freely and derived kT e approximately 0.987 keV. The nonthermal component, power-law, is for generating the possible contribution from the scattered light of the nonthermal arcs and the cosmic background with a photon index of approximately 1.4 −1.7. In another XMM-Newton study, using the standard ESAS method of background subtraction, Miceli et al. [41] developed a procedure similar to the double background-subtraction technique. They modelled the background spectra in Xspec and put these parameters associated with the background emission fixed when fitting the source spectra.
Conclusion
We summarise the main results of our spectral analyses of the source-free emission regions of the well-known shell-type Galactic SNRs Cas A, RCW 86, RX J1713.7 −3946, and SN 1006 with the archival data from Chandra and XMM-Newton X-ray Observatories to briefly represent the X-ray background estimation method as follows:
1. We have found the following components in the estimated X-ray background spectrum of Cas A, which is combined with the thermal and nonthermal models: CXB (nonthermal), GH (absorbed thermal), and FE (unabsorbed thermal). The Galactic location of Cas A is the determinant of the existence of the component GH, which is why it is not found in other SNRs in our study but in Cas A located in the 2 nd quadrant of the Galaxy. According to its X-ray flux value, the cold component of the GH is the most dominant one in the background spectrum of Cas A ( ∼65.6% ).
2. RCW 86 has unabsorbed FE in its X-ray background spectra with the kT e value of 0.703 ± 0.014 keV.
The FE domination in the spectrum of the SNR is approximately 39.8 % .
3. The X-ray background emission of RX J1713.7 −3946 contains CXB, GRXE, and absorbed FE. The Galactic location of RX J1713.7 −3946 is the determinant of the existence of the GRXE; the SNR is located in the 4 th quadrant of the Galaxy. For the SW rim of the SNR, the background emission from the HP is the most dominant component ( ∼76% ), while for the NW rim of the SNR, CM is the most dominant one ( ∼73 %).
4. SN 1006 is far above the Galactic plane; thus, the contribution of the GRXE to the spectra is negligible as mentioned in Section 3.1. The X-ray background emission for SN 1006 involves the CXB ( ∼23.7% ) and the unabsorbed LHB emission ( ∼76.3 % ) with an average kT e value of approximately 0.95 keV.
